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Figure 1. Proton phantom image (a), Proton knee image (b), Sodium phantom image
(c), Sodium knee image (d), Sodium knee image with phantom as indicated by yellow
arrow (e) and colour coded articular cartilage region extracted from sodium knee image.
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sodium content of AC using sodiumMRI at 1.5 Tesla clinical MR systems
has been investigated. This study conﬁrms that sodium imaging using
a clinical 1.5T MRI system can generate adequate quality images
enabling the estimation of changes in sodium concentration of normal
and degenerative AC. The technique is thus suitable for non-invasive
physiological measurement of articular cartilage.
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CARTILAGE T1RHO QUANTIFICATION IN ACL-RECONSTRUCTED
KNEES: A 2-YEAR FOLLOW-UP
X. Li 1, F. Su 2, S. Wu 1, F. Liang 1, T. Link 1, S. Majumdar 1, C. Ma 1. 1Univ. of
California, San Francisco, San Francisco, CA, USA; 2Univ. of California,
Berkeley, Berkeley, CA, USA
Purpose: Previous studies suggested that subjects with anterior
cruciate ligament (ACL) injures have a high risk of developing post-
traumatic osteoarthritis (OA) even after ACL reconstruction. The goal of
this study was to evaluate early changes in cartilage matrix in ACL-
reconstructed knees using magnetic resonance imaging (MRI) T1rho
quantiﬁcation.
Methods: Seventeen patients with acute ACL injuries (7 male, 10
female, mean age¼ 36.6  8.2 years, range¼ 23-53 years, BMI¼ 23.7 
3.1 kg/m2) and 10 healthy volunteers (7 male, 3 female, mean age ¼
33.2  12.8 years, range ¼ 19-57 years, BMI ¼ 23.5  2.9 kg/m2) were
recruited for this study. All patients had ACL reconstruction and were
studied at baseline (2-4 weeks after initial injury and prior to ACL
reconstruction), 1-year and 2-year after ACL reconstruction. Controls
were scanned at baseline only.
All MR scans were performed using a 3 Tesla GE MR scanner. The
imaging protocol included sagittal T2-weighted fast spin-echo (FSE)
images (matrix¼ 512*256, FOV¼ 16cm, slice thickness¼ 2mm), sagittal
3D fat-saturated high-resolution spoiled gradient-echo (SPGR) images
(matrix ¼ 512*512, FOV ¼ 16cm, slice thickness ¼ 1mm), and T1rho
quantiﬁcation based on 3D MAPSS previously developed in our lab
(FOV ¼ 14cm, slice thickness ¼ 4mm, time of spin-lock ¼ 0/10/40/80
ms, spin lock frequency ¼ 500Hz). Cartilage was segmented semi-
automatically and subcompartments of femoral-tibial cartilage were
deﬁned as shown in Figure 1A. T1rho maps were reconstructed by
ﬁtting the T1rho-weighted images pixel-by-pixel and were
subsequently aligned to the SPGR images. T1rho values of each
deﬁned sub-compartments were obtained. ANOVA was performed to
compare T1rho values between patients and controls in matched sub-
compartments, and between each time points of patients. If
a signiﬁcant difference was identiﬁed, Student's t-tests were
performed (non-paired t-tests for between patients and controls, and
paired t-tests for different time points of patients; a¼0.05).
Results: One patient baseline data was excluded due to technical failure.
Twopatientswere dropped from the studyat 2-year follow-up (retention
rate ¼ 88%). LT-3 showed signiﬁcant elevated T1rho values in patients at
all three time points compared to controls (P < 0.05, Figure 1B). For LT-3
T1rho values inpatients, therewas a signiﬁcant decrease frombaseline to
1-year (P ¼ 0.024) and an increasing trend from 1-year to 2-year (P ¼
0.07). MFC-2, MFC-3 andMT-2 showed signiﬁcant elevated T1rho values
inpatients at 1-year and2-year follow-up compared to controls (P< 0.05,
Figure 1B), and therewas an increasing trend of T1rho values inMFC-3 of
patients from baseline to 2-year (P ¼ 0.1).Discussion and Conclusions: Consistent with our 1-year report, lateral
posterior tibial (LT-3) and medial femoral-tibial cartilage, especially the
weight-bearing and contacting areas between tibial and femoral carti-
lage (MFC-3 and MT-2) are regions with signiﬁcantly elevated T1rho
values at 1-year and 2-year after ACL reconstruction, which can be risk
factors for post-traumatic development in these knees. Interestingly, in
LT-3, the region normally overlying bone bruises after acute ACL tears,
T1rho values decreased from baseline to 1-year, suggesting potential
recovery process within the cartilage, but showed an increase trend
from 1-year to 2-year, suggesting persistent damage in this region. The
relationship between cartilage T1rho and other lesions including
meniscal tears and bone marrow edema pattern will be analyzed.
Advanced quantitative MRI provides promising tools for evaluating
early degeneration in knees with ACL injuries and reconstructions.19
HISTOPATHOLOGICAL CHANGES IN THE HUMAN POSTERIOR
CRUCIATE LIGAMENT DURING AGING AND OSTEOARTHRITIS
Y. Levy 1,2, A. Hasegawa 2, S. Patil 1, M. Lotz 2, D. D'Lima 1,2. 1 Shiley Ctr. for
Orthopaedic Res. and Ed. at Scripps Clinic, La Jolla, CA, USA; 2 The Scripps
Res. Inst., La Jolla, CA, USA
Purpose: The patterns of posterior cruciate ligament (PCL) degeneration
and the relationshipwith aging-related changes in articular cartilage and
anterior cruciate ligament (ACL) are not well characterized. The purpose
of this studywas to assess a comprehensive set of histological changes in
the human PCL across the entire adult age spectrum at all stages of
cartilage degradation in donors with no history of joint trauma.
Methods: We processed 120 fresh human knee joints from 65 donors
(30M: 35F; mean age 66.1 years, range 23-92 years) within 72 hours
postmortem. Knee articular surfaces were graded using the modiﬁed
Outerbridge scoring system and ICRS knee map. For histological anal-
ysis, each PCL specimen was scored on a scale from 0 to 3 for the
following criteria: 1) orientation of the collagen ﬁbers, 2) formation of
new blood vessels and inﬂammatory cell inﬁltration, 3) cystic changes
4) mucinous changes, and 5) chondroid metaplasia (maximum
score¼15). Severity of PCL degenerationwas classiﬁed: normal (0), mild
(1-5), moderate (6-10), severe (10-15). If ﬁber disorientation, mucoid
degeneration or cystic changes were scored 3, then the ligament was
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histological scoring of the PCLs (Inter-observer class coefﬁcient ¼ 0.87).
PCL scores were compared to ACL scores from same knees.
Results: All knees had an intact, non-ruptured PCL. PCL grade: 76% of
the knees showed a mild PCL degeneration; 12%, moderate; and 9%,
severe. Fiber disorientation was the most prevalent and severe change
(1.20.66) followed by mucoid denegation (0.840.77), chondroid
metaplasia (0.810.73), cystic changes (0.540.87), and inﬂammation
(0.460.66). All criteria showed strong correlations to the total PCL
score (range r¼0.5-0.76), the highest being mucoid degeneration.
Comparison of histological grades of PCL and ACL showed a close
relationship with the exception that signiﬁcantly fewer PCL than ACL
were in the “severe” group (Figure 1). There was lower correlation
between total histological PCL scores and aging (R¼0.29) compared to
ACL scores and aging (r¼0.45). ACL scores correlated well with total
cartilage scores (r¼0.56) while PCL scores increased with severity of OA
from grades 0 to III but not between OA grades III to IV (r¼0.31, Figure
2). In knees with ruptured ACL, the PCL scores correlated with the
cartilage score of the lateral compartment (femur r¼ 0.65, tibia r¼ 0.57).
Conclusions: Signiﬁcant percentages (w 25%) of patients with OA have
a deﬁcient ACL, while all PCL were macroscopically intact with weak
correlations between PCL degeneration and aging. PCL histological
scores were lower in knees with grade IV compared to grade III cartilage
suggesting that the PCL is at lower risk for acute or chronic injury than
the ACL. The PCL has a signiﬁcantly different pattern of degeneration.
The lack of correlation with age or OA grade indicates independent
pathways for PCL versus ACL degeneration.Ă
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A NEW METHOD TO MEASURE ANATOMIC KNEE ALIGNMENT:
A TOOL FOR LARGE STUDIES OF OA?
T. Iranpour-Boroujeni 1, J. Li 2, J. Lynch 2, M. Nevitt 2, J. Duryea 1. 1Brigham
and Women's Hosp., Boston, MA, USA; 2Univ. of California San Francisco,
San Francisco, CA, USA
Purpose: Knee malalignment alters load distribution across the
articular surface and is a potent predictor of knee osteoarthritis (OA)
progression. The hip-knee-ankle angle (HKA) provides the most direct
measurement of biomechanical leg alignment, but requires a long-
limb radiograph. The femorotibial alignment angle (FTA) of the knee
joint is an indirect measure of mechanical alignment but can be per-
formed using a standard knee radiograph. Traditional methods of
measuring the FTA require a reader to identify landmarks in the tibial
spines, which can be difﬁcult and unreliable for abnormally positioned
knee images. We have developed and validated a new software
method to rapidly determine FTA that may expedite the measurement
of knee radiographs from large studies such as the Osteoarthritis
Initiative (OAI).
Methods: The method is based on the coordinate system
developed for location speciﬁc joint space width (JSW) measure-
ments, previously used to demonstrate that quantitative radio-
graphic measures are comparable with MRI for detecting OA
progression. The coordinate system directly determines the orien-
tation of the femur (Figure 1) and also deﬁnes a central point of the
knee. The axis is perpendicular to a line tangent to the base of the
femoral condyles, and centered between the outer aspects of the
condyles. Four points on margins of the tibial shaft deﬁne the axis
of the tibia. Two points are marked 10 cm from the center point
and two are placed 1 cm from the base of the tibial plateau. The
study used subjects from the Progression Cohort of the Osteoar-
thritis Initiative (OAI) (OAI Datasets 0.1.1, 0.B.1, and 1.B.1) where
HKA measurements were available from the OAI. We excluded
images where the center of the knee was less than 10 cm from the
lower edge of the image, leaving 266 total knees from 142 subjects
for the ﬁnal analysis.
The study used two readers. Reader 1 read the data twice with the new
procedure and two times using a traditional method. Reader 2 per-
formed a single reading with each of the two methods. Linear regres-
sion analysis was used to assess reader reproducibility, and correlation
with the HKA measurement.
Results: Table 1 provides the results comparing the two methods. The
new method of measuring FTA was related to HKA by FTA ¼ 0.52HKA -
4.7 degrees. The traditional method was related to HKA by FTA ¼
0.65HKA + 1.5 degrees. The additional reader time was less than 30
seconds per image once an image had been processed for the
location-speciﬁc JSW measurement.
Conclusions: We found improved inter and intra reader repro-
ducibility compared with the traditional method and higher
correlation with the HKA. With the new method, very little
difference was observed between the inter and intra reader
precision suggesting a robust technique. The fast reader time
implies that assessment of large numbers of subjects is feasible.
Furthermore, the method does not require landmarks placed in the
tibial spines; it can be performed by a relatively unskilled reader
whose task is limited to marking points on the shaft of the tibia
and the femoral condyles. A limitation of the method is that it
relies on the coordinate system set up for location speciﬁc JSW;
additional time is necessary if this step has not already been per-
formed. However, setting up the coordinate system is substantially
automated and could be performed independent of measuring JSW
if necessary. In summary, we have documented a new technique
that can provide a precise, accurate, rapid and reproducible
measurement of radiographic knee anatomic alignment, with
signiﬁcant implications for efﬁciency and cost-effectiveness for
very large studies of knee OA.
